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Abstract 
 
     Sudan produces about 50% of the global demand for Gum Arabic and of 
Talha Gum (acacia seyal) . However, the product is exported in a raw form or 
with minimum treatment for package purposes such as size reduction. This 
research work is aimed to  decolourize Talha Gum to improve its quality. The 
experimental set up consists of adsorption column made of Perspex. The 
adsorption media is activated charcoal of 500µm in size. The adsorption bed is 
15cm in depth. The experiment was conducted for wide range of Talha Gum 
concentrations (5.5 -55 g/l). The transmittance, pH, TDS and viscosity were 
measured for raw and treated samples.   
 
The result showed that the colour has changed from pink to colourless  
transparent. The transmittance (%)  has improved from 137 at wave length of 
800nm to 146.1 at the same wave length for Talha Gum concentration of  55g/l 
(as maximum concentration). The treated solution becomes also less acidic after 
treatment and there was no significant change in its viscosity.   
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    ﺍﻟﺩﺭﺍﺴﺔﻤﺴﺘﺨﻠﺹ                  
.  ﻭﺼﻤﻎ ﺍﻟﻁﻠﺢﻲـﻡ  ﻟﻠﺼﻤﻎ ﺍﻟﻌﺭﺒـﻥ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻌﺎﻟـﻤ  %05ﻲ ـﺤﻭﺍﻟ ﻭﺩﺍﻥـﻨﺘﺞ ﺍﻟﺴُﻴ         
 ﻌﺒﺌﺔ ﻟﺘﺴﻬﻴـل ﺍﻟﺘِﻡـِﺽ ﺍﻟﺤﺠـل ﺘﺨﻔﻴـﺔ  ﻤﺜـﺎﻡ َﺃﻭ ﺒﺎﻟﻤﻌﺎﻟﺠِﺔ ﺍﻷﻭﻟﻴـﻲ  ﺸﻜل ﺨـﺩﺭ ﺍﻟﻤﻨﺘﹶﺞ  ﻓـﺼﻴ
ﻲ ـﺃﺠﺭﻴﺕﹾ ﺍﻟﺘﺠﺎﺭﺏ ﻓ. ﻴﺘـﻪ ﻟﺘﺤﺴﻴﻥ ﻨﻭﻋﺍﻟﻁﻠﺢﺼﻤﻎ ﻥ ـﻭﻥ ﻤـﺔ ﺍﻟﻠـﺍﺯﺍﻟ  ﺍﻟـﻲِﺙـﻬﺩﻑﹸ ﺍﻟﺒﺤ ﻴ.
ﻪ ـﻡ ﻤﻠﺌـﻡ ﺘـﺴ51ﺩﻩ ـﻭل ﻤﻬـﻁ ﻴـﺔ ﺍﻟﺯﺠﺎﺠ ﺍﻷﻟﻴـﺎﻑﻥـﻤ ـﺯﺍﺯﻭﺩ ﺍﻤﺘـﻋﻤ ﺎﺴﺘﻌﻤﺎلﺒﺒﺭ ـﺍﻟﻤﺨﺘ
 ﺘﻨﺤﺼﺭ ﻲـﻎ ﺍﻟﻌﺭﺒـﺍﻟﺼﻤﻟﻌﻴﻨـﺎﺕ ﻤـﻥ ﺔ ـﺕﹾ ﺍﻟﺘﺠﺭﺒﻴﺃﺠﺭ .ﺭـﺭﻭﻤﺘـﻤﻴﻜ 005ﺔ ـﻡ ﺫﻭ ﺤﺒﻴﺒـﺒﻔﺤ
ﺎﺕ ـ ﻟﻠﻌﻴﻨ)%( ﺍﻟﻀﻭﺌﻴـﺔﺔـﻭﺍﻟﻨﻔﺎﺫﻴ ﺔـﺍﻟﻠﺯﻭﺠ ، ﻭHpﺎﺱ ـﺘﻡ ﻗﻴ .(ﺘﺭـﻟ\ﺠﺭﺍﻡ 55- 5.5)ﺒﻴـﻥ 
ﺎِﻑ ـﻰ ﺸﻔﹼـﻥ ﺍﻟﻭﺭﺩﻱ ﺇﻟِـﺭ ﻤّـﻭﻥ ﺘﹶﻐﻴـﺍﻟﻠ ﺃﻥ ﻲـﺞ ﺍﻟـ ﺍﻟﻨﺘﺎﺌﺍﺸﺎﺭﺕ. ﺔـﺔ ﻭﻏﻴﺭ ﺍﻟﻤﻌﺎﻟﺠـﺍﻟﻤﻌﺎﻟﺠ
 008ﺔ ـﻭل ﻤﻭﺠـﺩ ﻁـ ﻋﻨ731ﻥ ـ ﻤ )%( ﺍﻟﻀﻭﺌﻴـﺔﺔـﺍﻟﻨﻔﺎﺫﻴ ﺘﺤﺴﻨﺕ .ﻭِﻥـﻡ ﺍﻟﻠـﻋﺩﻴ
 ﺃﻴﻀﺎﹰ ﺎﺕـﺃﺼﺒﺤﺕ ﺍﻟﻌﻴﻨ. (ﺃﻗﺼـﻲ ﺘﺭﻜـﻴﺯ)ﺭـﻟﺘ\ﺭﺍﻡـﺠ 55ﻴﺯ ـﻟﻠﺘﺭﻜ 1.641ﻲ ـﺘﺭ ﺍﻟـﻭﻤـﻨﺎﻨ
  .ـﺔ ﺍﻟﻌﻴﻨـﺎﺕﻲ ﻟﺯﻭﺠـ ﻓﻜﺒﻴـﺭﺭ ـﺘﻐﻴﻴﻻ ﻴﻭﺠـﺩ ِﺔ ﻭـ ﺒﻌﺩ ﺍﻟﻤﻌﺎﻟﺠـﺔل ﺤﺎﻤﻀﻴـﺃﻗ
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1. Introduction 
 
Gum Arabic is defined as the dried exudates obtained from the stems and 
branches of Acacia Senegal or the related species of Acacia such acacia seyal. It 
consists mainly of high molecular weight polysaccharides and their calcium, 
magnesium and potassium salts which on hydrolysis yield arabinose, galactose, 
rhanose and glucuronic acid.  Gum Arabic is usually coloured, and the colours 
present in the Gum Arabic are usually referred to as impurities. Some of the 
causes of these colours may be due to the extraction method, storage 
atmosphere, temperature and climatic changes. The presence of these colours in 
the Gum Arabic reduces the quality of the Gum [1], [2] . 
 
The uses of acacia Gum or Gum Arabic date back to about 5000 years to the 
time of the ancient Egyptians and it is the oldest and best known of all the 
natural Gums. Among its many ancient applications, Gum Arabic was used as a 
binder in cosmetics and inks. Gum Arabic is highly nutritious it used as food 
and drug for Bushman Hottentots. It used to modify the flow characteristics of 
fluids, stabilize suspensions, flocculate particles, encapsulate materials and 
produce emulsions. Consequently, it is used widely  as a thickener, stabilizer, 
emulsifier, gelling agent, flavouring agent, humectants, surface-finishing 
(coating) agent and   retards sugar crystallization and water-binding agent in the 
food, cosmetics and oil industries and most importantly drugs [3], [4], [5].  
 
The Gum Arabic belts extend form Nigeria to Somalia. Sudan contributes about 
50% of the global demand. However, it is exported as raw material with 
minimum treatment for transportation purposes, i.e. , size reduction.  The size 
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reduction processes include mechanical and spray drying. Before its application 
Gum Arabic is further treated mainly for impurities that cause the colour. 
 
 Decolourization simply means colour removal. To improve colour of Gum 
Arabic solutions, the initial colour have to be removed with the aid of 
decolorizing agent such activated charcoal. Activated charcoal is a charcoal that 
has been treated with oxygen to open up millions of tiny pores between the 
carbon atoms. Activated charcoal is employ as our colour removing agent 
(adsorbent) due to its economic advantage over other adsorbents, its 
availability, it chemical inertness towards most of our materials of construction 
and its un-interference with the chemical composition of the product [3] . 
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1.2 Objectives 
 
Sudan contributes about 50% of the global demand on Gum Arabic. Till early 
1990’s it was exported in a raw form. In late 1990’s some treatment were 
introduced. This includes size reduction. There are two types of size reduction 
mechanical and spray drying.  The end use of Gum Arabic in pharmaceutical 
and other applications requires further treatment in particular colour removal.  
If the colour removal can be made within the country of production a significant 
addition in its value could be made. 
 
This project is aimed at decolorizing Gum Arabic in particular acacia Senegal 
(Talha).The activated charcoal will be used as decolorizing agent. The 
parameters of transmittance, pH and viscosity will be studied.  
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2. Literature Review 
2.1Gum Arabic 
 
2.1.1 Brief Description of Gum Arabic 
 
Gum Arabic is the dried exudate obtained from the stems and branches of 
Acacia Senegal Willdenow or closely related species, namely Acacia Seyal.  It 
is a natural Gum harvested from the exterior of Acacia trees in the form of dry, 
hard nodules up to 50 mm in diameter, and ranging from almost colourless to 
brown. Although most internationally traded Gum Arabic comes from Acacia 
Senegal. The term Gum Arabic or Gum acacia cannot be taken as implying a 
particular botanical source. In some cases, the so-called Gum Arabic may not 
even have been collected from Acacia, but might have originated from 
Combretum, Albezia or other genera [1].   
 
In the Sudan the Gum Arabic is cultivated form mainly two trees: Acacia 
Senegal which is called Talha and Seyal which is Hashab. In Nigeria, Gum 
Arabic is classified into grade 1 (Acacia Senegal), grade 2 (Acacia seyal) and 
grade 3 (Combretum and other sources). In Zimbabwe, Gum Arabic is derived 
from A. Karroo.  Although there are over 1,100 Acacia species worldwide, 
Acacia Senegal and A. seyal remain the most commercially exploited species 
[1], [6], [7]. 
 
2.1.2 Gum Arabic belt 
The Gum   Arabic-yielding Acacias grow in semi-arid areas. The vast majority 
of Gum Arabic entering international trade originates from the Gum belt of sub-
Saharan Africa, extending from the Northern parts of West Africa eastwards, to 
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Sudan and Ethiopia. The Gum belt extends from latitude 10 to latitude 18 
(Figure 2.1).  Apart from Nigeria, the countries that belong to the Gum growing 
belt in Africa include Sudan, Chad, Eriteria, Kenya, Mali, Senegal, Mauritania, 
and Burkina Faso [7]. 
 
In Sudan, the Gum belt lies within the arid/semi-arid zone of mainly 520,000 
km2; accounting for one fifth of the country’s total area. The Gum belt extends 
across Central Sudan between latitudes 10o and 18o N. This belt covers parts of 
Kordofan, Darfur, Eastern Sudan and Blue Nile and Upper Nile [8], [9]. Sudan 
is the main supplier of the global demand form Gum Arabic. Until early 1990’s, 
Sudan contributed about 80% of world demand. However, due two severe 
draughts in 1970’s and 1980’s and emergence of new competitors for example 
Nigeria and Tschad coupled with the constant level of global  demand Sudan 
contribution to world demand has declined in the last 15 years and now  is less 
than 50 % (cf. Table 2.1).  
 
Table (2.1) shows the Gum Arabic production in the Sudan in the period 
between 1961 and 2007. The data shows overall decreasing trends. The constant 
demand stems form its limited application particulary in pharmaceutical and 
confectionary as an   additive. Until recently all Gum Arabic is exported in its 
raw form. Today there are about 12   factories for processing Gum Arabic of 
total capacity of about 2000 ton/year [10]. There are generally two types of 
processes: mechanical and chemical (spray drying). The mechanical one 
produces two types of processed Gum Arabic: kibbled and powder. 
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Table (2.1) Gum Arabic production in Sudan [10], [11] 
 
Year Production (metric ton) Decrease in % 
1960-1969 46000 Base year 
1970-1979 34000 -26.1 
1973-1974* 23600 -48.7 
1980-1989 29000 -37 
1984-1985* 11310 -75.4 
1990-1999 28986 -37 
2000-2004 21850 -52.5 
2005 30400 -33.9 
2006 11900 -74.1 
2007 11200 -75.7 
 
*Draught year: excluded from average 
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Figure 2.1: Map of Africa Showing Gum Arabic and Talha Gum Belts 
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2.1.3 Gum Arabic Applications 
 
The uses of acacia Gum or Gum Arabic date back to about 5000 years to the 
time of the   ancient Egyptians and it is the oldest and best known of all the 
natural Gums. Among its many ancient applications, Gum Arabic was used as a 
binder in cosmetics and inks. Gum Arabic is highly nutritious. It is related that 
the Bushman Hottentots have been known in times of scarcity to support 
themselves on it for days. In many cases of diseases, it is considered that a 
solution of Gum Arabic may for a time constitute the exclusive drink and food 
of the patients [1],[12].  Polysaccharide, one of the constituent of Gum Arabic, 
can modify the flow characteristics of fluids, stabilize suspensions, flocculate 
particles, encapsulate materials and produce emulsions. Consequently, 
Polysaccharides are widely used as a thickener, stabilizer, emulsifier, gelling 
agent, flavouring agent, humectants, surface-finishing (coating) agent and   
retards sugar crystallization and water-binding agent in the food, cosmetics and 
oil industries and most importantly drugs [3], [4], [5] ,[6]. Moreover, some 
polysaccharides have unique physiological activities as anti-tumour, anti-viral 
and anti-inflammatory agents as well as an inducer for interferon, platelet 
aggregation inhibition and colony stimulating factor synthesis [5]. Gum Arabic 
is used to flocculate Pasteurella tularensis, Escherichia freundii, Serratia 
marcescens, Proteus morganii, and other bacterial species in culture   media at 
pH 7.0, [13], [14]. This is attributed to its hydrophilic and wet ability 
characteristics. Recent researches have showed the consumption of Gum Arabic 
reduces the   risk of kidney diseases [5]. Table (2.2) shows modern application 
of Gum Arabic. 
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Table (2.2): Modern applications of Gum Arabic [7], [15]   
 
Applications                     Functions of Gum Arabic 
Emulsifying Agent 
 
Gum Arabic is effective in preparation of oil-in-water 
emulsions. The emulsions are stable in the presence of 
electrolytes; in fact, some emulsions develop improved stable 
in the presence of electrolytes. Thus, an emulsion produced by 
10% Gum Arabic can be duplicated in stability by a 0.5% Gum 
solution to which a sodium salt has been added. Stable 
emulsions are produced by Gum Arabic over a range of pH 
values. Gum collects at the emulsion interface in the form of a 
visible film that prevents coalescence of the oil micro spheres. 
The viscosity of the emulsion differs with the type of oil and 
film thickness.  
 
Confectionery 1. to retard sugar  crystallization   
2. To emulsify the fat and keep it evenly distributed   through 
out the product. For prevention of sugar crystallization 
 Flavours 
 
The emulsification properties of Gum Arabic are utilized in 
various liquid flavour emulsions. Many citrus oils and other 
beverage flavor emulsions utilize the emulsification properties 
of the Gum. When used as a flavour fixative, the superior film 
forming ability of the Gum Arabic makes it ideal for protecting 
the flavour from oxidation, evaporation and   absorption of 
moisture from the air. It is equally used as a foam stabilizer 
and agent to promote cohesion of foam to glass. 
Pharmaceuticals Gum Arabic’s suspending and stabilizing properties are 
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employed to suspend insoluble drugs and to prevent the 
precipitation of heavy metals. Its emulsifying property is used 
for calomine, magnesia, and kaolin suspensions and liquid 
petrolatum and cod liver emulsions.  Many cough drops and 
syrups utilize Gum Arabic because of its demulcent of 
soothing characteristics. Gum Arabic is used as an adhesive 
and binder for pharmaceutical tablets as well as in their  
coating. 
Bakery Products Gum Arabic’s water solubility, low viscosity, and 
adhesiveness gives it value as a glaze for buns to provide gloss 
and flexibility and also makes it useful as a component in 
toppings and icing bases and in applications where its 
emulsifying power is important. It can be used to encapsulate 
baking flavours, such as cinnamon oil, for dispersal in 
vegetable fats and for use where flavour release is wanted at 
specific melting temperatures.  
 
Textiles Gum Arabic can be using in the melting yarn chips process. 
Gum Arabic is added to make the yarn stronger and increase 
its tensile strength. These days, many textile manufacturers use 
a modified starch mixed with Gum Arabic. 
 
 Gum Prints Gum Arabic has been combined with a sensitizer and a soluble 
pigment, applied to paper, and exposed through a negative 
under a powerful light source. This can produce beautiful 
prints only surpassed by adding further layers of Gum 
pigments in registration. It is also possible to print colour 
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separated black-white negatives to produce gorgeous true 
colour prints, but precise registration is required  
 
Water Colours The essential ingredients in water colours are pigments, a 
binding agent (usually Gum Arabic), and water. When 
combined these three components create transparent water 
colour. Gum Arabic acts as the binder for both water colour 
and gouache paints. Pigments are ground up and a liquid Gum 
Arabic solution is added to produce paint that is more opaque 
and which imparts a dusty quality to the surface. Gum Arabic 
is resoluble once it has dried; therefore it can be stored in 
cakes. Occasionally oxgall (a wetting agent) is added to water 
colour to aid the even dispersion of pigment. 
 
Cosmetics Gum Arabic stabilizes lotions, protective creams, and 
emulsion. It increases the viscosity, assists in imparting 
spreading, adds a smooth feel to the skin, and forms a 
protective coating. It is also a binding agent in the formulation 
of compact cakes and rouges and acts as an adhesive in the 
preparation of facial masks. A typical compact cake is 
composed chiefly of a colour vehicle, a mineral oil, and an 
aqueous solution of Gum Arabic. The Gum is also used as a 
foam stabilizer in liquid soap. Gum Arabic has been 
recommended use as a fixative and binder in hair creams and 
as a stabilizer and film former in protective creams.  
 
 22
Painting and art  One part Gum Arabic is dissolved in four parts distilled water 
to make a liquid suitable for adding to pigments. 
Gum Arabic is used as a binder for watercolor painting 
because it dissolves easily in water. Pigment of any color is 
suspended within the Gum Arabic in varying amounts, 
resulting in watercolor paint. Water acts as a vehicle or a 
diluent to thin the watercolor paint and helps to transfer the 
paint to a surface such as paper. When all moisture evaporates, 
the Gum Arabic binds the pigment to the paper surface. 
 
Photography 
 
The historical photography process of Gum bichromate 
photography uses Gum Arabic mixed with ammonium or 
potassium dichromate and pigment to create a coloured 
photographic emulsion that is sensitive to ultraviolet light. In 
the final print, the Gum Arabic permanently binds the 
pigments onto the paper. 
 
Printing Houses In the past, Gum Arabic was used in the aluminium plate 
process. Normally, after printing was finished, the plate would 
have to be cleaned with chemicals and covered by a Gum 
Arabic solution before re-using the plate.  
 
Environmental 
Protection  
and Soil 
Improvement 
 
1. The plant fixes nitrogen into the soil 
2. It reduces desertification 
3. It enhances soil moisture conservation 
4. It reduces soil erosion 
Any meaningful a forestation programme of Sudan and Sahel 
(semiarid) Zones should prominently feature the use of Gum 
 23
Arabic plant in view of its numerous advantages. 
 
Gum Arabic Plant 
as Fodder 
 
Gum Arabic plant has very palatable leaves that are readily 
consumed  by livestock – goat, sheep, cattle and even chickens 
when the leaves are young and tender. Herdsmen who perhaps, 
do not know about the    values of Gum Arabic plant usually 
cut down the plants for their   livestock to browse. This act has 
contributed immensely in reducing   the population of Gum 
Arabic. 
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2.1.4 Gum Arabic Properties 
Gum Arabic is unique amoung the natural hydrocolloids because of its 
extremely high solubility in water. Most common Gums cannot be dissolved in 
water at concentrations higher than about 5% because of their very high 
viscosities. Gum Arabic, however, can yield solutions of up to 50% 
concentration. At these high levels, it can actually form a highly viscous, gel-
like mass similar in character to a strong starch gel. In addition to forming high-
solids gels of this type, Gum Arabic can be used at much lower concentrations 
in combination with other Gums as thickeners and binders. Gum Arabic is 
insoluble in oils and in most organic solvents. It is soluble an aqueous ethanol 
up to a limit of about 60% ethanol. Limited solubility can also be obtained with 
glycerol and ethylene glycol. Whereas most Gums form highly viscous 
solutions at low concentrations of about 1-5%, Gum Arabic is unique in that it 
is extremely soluble and is not very viscous at low concentrations. High 
viscosities are not obtained with Gum Arabic until concentrations of about 40-
50% are obtained. This ability to form highly concentrated solutions is 
responsible for the excellent stabilizing and emulsifying properties of Gum 
Arabic when incorporated with large amounts of insoluble matters. The 
viscosity of Gum Arabic solutions will depend upon the type and variety of 
Arabic used. At concentrations up to 40%, Gum Arabic solutions exhibit typical 
Newtonian behavior. Above 40%, solutions take up pseudoplastic 
characteristics as denoted by a decrease in viscosity with increasing shearing 
stress [16],[17] 
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Minimum standards for good quality Gum Arabic have been defined in the 
United States Pharmacopeia USP23 and by European Union Specification       
E-414 [16]. 
2.1.4.1Physical Properties  
Table (2.3) shows the Physical properties of Gum Arabic and Talha Gum in 
accordance with the classification code E414 [16]. 
Table (2.3): Physical properties of Gum Arabic and Talha Gum 
Characteristics                                Identification 
Solubility  
 
One gram of Gum Arabic dissolved in 2ml of water  
forms an acidic solution and is insoluble in ethanol. 
Optical rotation Water solutions of Gum from Acacia Senegal is 
laevorotatory while that from Acacia seyal are 
dextrorotatory. 
Hydrolysis products Hydrolysate of Gum Arabic can be used to identify 
arabinose, galactose, rhamnose and glucuronic acid. 
A chemical test on the 
hydrolysate will produce greenish yellow colour  
with hexoses, red colour with pentoses and brown 
colour with uronic acids. 
Purity (Loss on drying) For granular Gum Arabic, it is not more than 15%  
(105o, 5hr) and not more than 10% (104o, hr) for  
spray-dried material.   Unground samples should be 
powdered to pass through a No.40 sieve and mixed 
well before weighing . 
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2.1.4.2Chemical Properties (depend on E-414) 
 
Table (2.4): shows the chemical properties of Gum Arabic and Talha Gum 
classified as E414.[16],[18],[19]. 
   Table (2.4): Chemical properties of Gum Arabic and Talha Gum 
 
Characteristics                               Identification 
Total ash  
 
4% 
Acid insoluble ash  
 
0.5% 
Acid insoluble matter 1% 
Arsenic  Not more than 10mg/l (or <= 10ppm) 
Lead Not more than 5mg/l (or 3 ppm) 
Starch or dextrin No reddish or bluish colour should be produced  
when a boiled solution (1 in 50 solution) is tested  
with iodine 
Tannin – bearing Gums No blackish coloration or precipitate should be 
formed when tested with ferric chloride solution. 
Arsenic (As) < 3ppm 
Heavy metals (Pb)  < 40ppm 
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2.2 Decolourization Process  
 To improve colour of Gum Arabic sample for instance, the initial colour have 
to be removed with the aid of decolourizing agents. In the laboratory there are 
many decolourizing agent such as chloro-compounds, activated aluminium 
silica gels and carbonaceous compounds like activated charcoal. The most 
widely used of these decolourizing agents is the activated charcoal due to its 
economic advantages over others, its availability and its chemical inertness 
towards most of our materials of construction. The chloro-compounds on the 
other hand are usually corrosive, cause’s damage and interfere with chemical 
composition of the product. Where they are available they are often found to be 
costly [2]. 
 
2.3 Adsorption Process  
 The process by which the colour is removed from the Gum Arabic sample is 
the adsorption process. Adsorption is a separation process in which certain 
components of a fluid phase are transferred to the surface of a solid adsorbent. 
Most adsorbents are highly porous materials and adsorption takes place primary 
on the walls of the pores or at specific sites inside the particle. Because the pore 
are generally very small, the internal surface area is in the order of magnitude 
greater than the external area and may be as large as 2000m2/g. Separation 
occurs because differences in molecular weight, shape or polarity causes some 
molecules to be held more strongly on the surface than others or because the 
pores are too small to admit the larger molecules. In many cases, the adsorbing 
components (or adsorbate) is held strongly enough to permit complete removal 
of that component from the fluid with very little adsorption of other 
components.  
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         In the decolourization of Gum Arabic solution using activated charcoal 
therefore, it is expected that when the Gum Arabic solutions are introduced into 
a bed of activated charcoal the pigment and colour matters will be forced to 
concentrate them on the surface provided by the activated charcoal molecules 
[2],[20]. 
2.4 Adsorbents 
The Ideal adsorbent must fulfil the following requirements 
? Insoluble in mobile phase.  
? Inert to solutes (adsorptive). 
? Colourless especially when work with coloured mixtures.  
? Suitable particle size enough to give good separation and reasonable flow 
rate.  
1. Silica gel - Silica - Silica  acid 
It is the most widely used adsorbent in both column and thin layer 
Chromatography. Silica gel is prepared by acidification of sodium silicate 
with sulphuric acid followed by washing with water and drying. The active 
sites of silica gel are the hydroxyl groups attached to silicon atoms "Silanol 
groups" .These groups are 5 0A apart and form hydrogen bonding with 
solutes. Silica gel reaches its maximum power when heated between 150 -
250 0C to get rid of water. If silica gel contains water it then act by partition 
not by adsorption.  Decrease particle size increases the surface area and 
consequently increases separation power. 
2. Alumina 
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? It is aluminum oxide (Al2O3). Alumina activated by heating at 400 0C 
overnight. 
? Advantages of alumina 
1. large capacity                    2. Insoluble  
3. Relatively inert                 4.Available  
5. Adsorption is different from silica gel due to the strong positive field of Al+++ 
and the influence of basic sites which affect easily polarized compounds. It is 
good in separation of aromatics from olefins. 
Disadvantages   
? Not suitable for base labile compounds. 
? Cause rearrangement and ring expansion of unsaturated compounds.  
? React chemically with acidic compounds.  
? Types of commercial alumina  
1. Neutral alumina      pH   7– 7.5. 
 2.Acidic alumina pH 4. It is prepared by washing aluminum oxide with 
2N HCl then with distilled water.  
3. Basic alumina pH 10.  This type is prepared by  washing with NaOH 
then distilled  water. 
 
 
 30
3. MATERIALS AND METHODS 
 
3.1  Talha Gum  
 
     Table (3.1) shows the specifications of Gum Arabic used. The grade used in 
this work is Sweetfibre which is manufactured by the company Dar Savanna 
[21]. The label of the sample used is shown in the appendix (Table A.2).  
 
                       Table (3.1): Characteristic of Savanna Acacias 
 
Nutrient Per 100g 
Calories 8 Kcal 
Total fat 0.1g 
Cholesterol <1mg 
Sodium 14 mg 
Potassium 310mg 
Total carbohydrates 86.6g 
Soluble dietary fibre 86.6g 
Protein 1.7g 
Calcium 1117mg 
Magnesium 292mg 
Iron 2mg 
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3.2 Distilled Water  
 
Distilled water is prepared in the Unit Operation Laboratory, Department of 
Chemical Engineering; University of Khartoum. The distillation units consist of 
electrical regenerator and condenser. Table (3.2) shows the physical properties 
of distillated water used in this work.  
 
Table (3.2): Properties of Distilled Water 
 
           Transmittance (%)  pH Viscosity 
(mPa.s) 
 
Electrical 
Conductivity 
(µS/cm) 
TDS 
(ppm)             
                 Wavelength (nm) 
      350 520 600  800 7.2 1.04 11.9 5.1 
      4.1 58.7 106.3 147.8
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3.3 Charcoal 
      Sample from the commercially available (Talha) charcoal was obtained.      
The sample was reduced in size and screened. In this work the size of 500µm is 
used because it was recommend by other investigator (O. S. AZEEZ)[2]. 
Table (3.3) shows the particle size distribution of charcoal. The label of the 
sample used is shown in the appendix (Table A.1).  
 
 Table (3.3): Particle Size Conversion  
Sieve Designation Nominal Sieve Opening 
Standard(mm) Mesh No Inches Mm Microns 
0.707  25 0.0278 0.707 707 
0.595  30 0.0234 0.595 595 
0.500  35 0.0197 0.500 500 
0.420  40 0.0165 0.420 420 
0.354  45 0.0139 0.354 354 
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3.4 Adsorption  column  
Figure (3.5) shows the apparatus used in this work. The column is made of 
Perspex which consists of four parts .The above part is open and called free 
board with height of 40cm. The second part has height of 10cm which called 
supernant water. This is made to exert enough pressure to push the solution 
through the bed. The third part called activated charcoal bed with height 15cm 
filled with charcoal of 500µm particle size. The last part is the under-drainage 
system. The different parts are flanged and bolted (eights bolts) together with a 
seal in between. Filter cloth was sandwiched between the flanges for in the top 
and the bottom of the adsorption  bed. This was made avoid the penetration of 
the charcoal to under-drainage system. It also used to remove the escaped 
impurities from the charcoal bed.   
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Figure (3.5): Adsorption  Column 
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3.5 Instruments  
The Instruments  used in this work are shown in Figure (3.6).  The Instruments 
include: 
1. Set of B.S. Sieves of size from 707 microns to 354 microns, show in plate 
(3.6.1). 
2. Digital balance, Type No: 1219MP made in Germany in the range of up to 
500g with result ion of 0.001 g, show in plate (3.6.2). 
3. Digital Spectrophotometer, Model No: 310E, S.No:106040, Manufactured 
by Environmental &Scientific Ins. Company. This instrument measures the 
transmittance in wavelengths arranging between 340-960nm, show in plate 
(3.6.3).Transmittance is defined as the ratio of the transmitted power to the 
incident power.  In optics, transmittance is usually expressed as optical 
density or in percent.  Transmittance was formerly called "transmission."  
Wavelength is the distance between points of corresponding phase of two 
consecutive cycles. 
 
4. Digital  pH  Meter , Manufactured by Labtech. Germany, show in plate   
(3.6. 4). 
5. Electrical Conductivity meter and TDS meter Manufactured in Germany 
show in plate (3.6.5). This instrument  measured the Electrical Conductivity 
in µS/cm and TDS in ppm.  Total Dissolved Solids (often abbreviated TDS) 
is an expression for the    combined content of all inorganic principally 
Calcium, Magnesium, Potassium, Sodium, Bicarbonate, Chlorides and 
Sulfates) and organic substances contained in a liquid which are present in a 
molecular, ionized or micro-granular (colloidal sol) suspended form. 
Generally the operational definition is that the solids must be small enough 
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to survive filtration through a sieve size of two micrometers. Total dissolved 
solids are normally only discussed for freshwater systems, since salinity 
comprises some of the ions constituting the definition of TDS.  
6. Digital Viscometer, Type: RV2, Manufactured by Haake-Germany, show in 
plate (3.6.6). This instrument  measured the dynamic viscosity of fluids in 
mPa/s at velocity rate arranging between 0.1 to 512.This range may 
increased to multiple in factor 1.41. This apparatus has three spender .the 
first has small diameter used for higher viscosity, second has medium 
diameter used in medium viscosity and the third has diameter greater than 
second spender and used for low viscosity. Show table (4.2) in appendix for 
more information. 
7. Magnetic Stirrer, Manufactured by: Remi Equipment, Germany, show in 
plate (3.6.7).  
8. Heater, Range:( 0ºC to 400ºC) Manufactured by: Remi Equipment, 
Germany, show in plate (3.6.8). 
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                                      Plate (3.6.1): B.S.SIEVES                            Plate (3.6.2) :Digital balance 
 
                                                             Plate (3.6.3): Digital Spectrophotometer             
 
 
 
 
 
 
Plate (3.6.4): pH meter 
                                 
               Plate (3.6.5): Electrical conductivity    Plate (3.6.6): Digital Viscometer                        
                               
                Plate (3.6.7): Magnetic Stirrer                  Plate (3.6.8) :Heater  
                                    Figure (3.6): Measuring Instruments   
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 3.6 Process Description 
The adsorption column was charged with 15cm of activated charcoal. The bed 
of adsorption  column was washed with distilled water (at 50ºC) until all the 
fine dust of charcoal was removed. The washing  was continued until there was 
no more colour in the distilled water. 
Five samples of Gum Arabic solution were prepared with different 
concentrations range from   5.5to 55g/l. 
The sample passed through the adsorption  bed several times until there was no 
change in its colour is obtained. Before charge the second sample the adsorption 
bed is washed with warm water to reactivate the charcoal bed. Samples from 
the raw and treated Gum Arabic solutions were collected and tested for PH, 
Transmittance, viscosity and TDS. The measurement was repeated three times 
for each sample and the average was recorded.  
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4. Results and Discussion 
 
Table (4.1.1) shows the Transmittance and wavelength for all samples used. 
And Table (4.1.2) shows the transmittance for tape water, distilled water and 
bottle water which are taken as references.  
 Table (4.1.1): Colour Removal 
 
Concentration 
(g/l) 
Distilled 
water 
5.5 11 15.71 22 55 
Wavelength 
(nm) 
In Out In Out In out In Out In out in out 
350 4.1 4.1 4.1 4.5 3.9 4.4 3.7 3.9 3.4 3.7 3.2 3.6 
430 7.5 7.5 7.1 7.4 6.1 7.2 5.8 6.8 5.5 6.3 5.2 6 
470 25.3 25.3 22.8 24.6 20 24.2 17.4 22.2 17 21.1 16.7 19.9 
490 39.9 39.9 36.5 39 32.2 38 28.7 36 27.5 35.5 27 34.6 
520 58.7 58.7 55.7 60.1 44.4 59 42 53.9 41 52 39.7 50.9 
540 74 74 71.1 76.1 65.1 74.9 60 68.4 58.1 66.7 56.8 65.4 
580 97.3 97.3 94.6 101.4 89.2 100 82.4 91.5 80.3 91 78.4 90.2 
600 106.3 106.3 104.8 112.6 99.7 110.4 93 103.5 91.7 100.4 89.1 99.3 
650 127.1 127.1 126.7 137.8 122.5 133.1 98 125.7 96.6 122.8 94.9 120.7 
710 146.2 146.2 147.8 160 143.8 154.3 138 147.6 136.4 144.9 134.8 142 
800 147.8 147.8 151.6 162.7 150 159.9 140 150 138.2 148 137 146.1 
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4.1  Influence of Colour Removal on Transmittance 
 
The initial colour of the raw sample is pink ((show in Figure(4.1.4)).          
Figure (4.1.1) show the relation- ship between concentration and transmittance 
before decolourization process at different wavelength. As expected the 
transmittance increases with concentration; more concentration more impurities 
which is the causes of colour. At constant concentration the transmittance 
increases with increase in wavelength. Similar result is shown for the treated 
sample (Figure 4.1.2). 
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Figure (4.1.1): Influence of Colour on Transmittance (untreated Gum Arabic) 
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Figure (4.1.2): Influence of Colour on Transmittance (treated Gum Arabic) 
 
 
                                                                                                                                                                       
Figure (4.1.3): Influence of Colour on Transmittance (treated and untreated Gum 
Arabic)                                      
 
 
The final colour obtained by all treated samples is colourless and 
transparent((show in Figure(4.1.4)). Figure (4.1.3) shows the influence of 
transmittance at constant wavelength on treated and untreated samples. For all 
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samples the transmittance of the treated sample is higher that  for untreated 
samples. The result was further investigated using Atomic absorption tests. 
Table (4.4) shows the iron content of the treated and untreated sample. It was 
found that there was significant reduction the iron content of the Gum Arabic 
after treatment, which we believe that it contributes to the colour.  
In comparison with distilled water as can be seen in Table (3.1) the final 
transmittance for all treated sample does not deviates significantly from that of 
distilled water 
Table (4.3) The influence of colour removal on pH, viscosity, electrical 
conductivity and TDS. 
            Table (4.3): Results of pH, Electrical Conductivity and Viscosity 
 
pH Viscosity(mPa.s) Electrical 
Conductivity 
 ( µS/cm) 
TDS ( ppm)                   
Sample   (g/l) 
Raw Treated Raw Treated Raw Treated Raw Treated 
Tap water 7.79 7.79 0.84 0.84 249 249 119.1 119.1 
Distilled water 7.2 7.2 1.04 1.04 11.9 11.9 5.1 5.1 
Bottle  water 8.10 8.10 0.65 0.65 302 302 144.8 144.8 
5.5 5.31 6.65 1.31 1.18 123.3 62 58.7 29.1 
11 5.27 6.45 1.65 1.41 238 76.3 113.2 35.8 
15.71 5.22 6.34 4.18 3.68 257 139.2 123.2 66.3 
22 5.18 6.20 4.54 3.92 271 178.9 129.2 85.1 
55 5.11 6.13 4.75 4.44 293 198.7 159.2 94.5 
 
 44
 
 
                     Plate (4.1.1) :Gum Arabic before treated             
 
 
                                     Plate (4.1.2) :Gum Arabic after treated             
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                 Figure (4.1.4):Treated and untreated  of Gum Arabic 
4.2 Influence of Colour Removal on pH 
 
 
 
 
Figure (4.2): Influence of Colour Removal on pH 
 
Table (4.3) shows the pH of the samples of Gum Arabic before and after 
treatment. Figure (4.2) shows the relation between concentrations of Gum 
Arabic and pH. The pH values increases from 5.11 to 6.65 as shown in table 
(4.2) and Figure (4.2). This means that the impurities that cause the colour are 
of acidic nature.  
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4.3 Influence Colour Removal on Electrical Conductivity 
 
The electric conductivity and its equivalent TDS are taken as indicative to the 
calcium and magnesium ions and other minerals. It can be seen that from Figure 
4.3 and 4.4 there is a significant drop in the conductivity and TDS of the treated 
sample. It expected that charcoal does not absorb the salt of calcium and 
magnesium.  Hence this reduction may be attributed to other mineral and salt 
that are brought to the Gum by the extraction method (bark tree), earth storm, 
temperature and climatic.   
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Figure (4.3): Influence of Colour Removal on Electrical Conductivity 
Table (4.4): Analysis of elements (Calcium and Iron) 
 
No Sample 
55mg/litre 
Element Flame 
Abs 
Flame Actual 
concentration 
(ppm) 
1 Raw Ca 0.2341 185.855 
  Fe 0.0183 1.965 
2 Treated Ca 0.3284 105.476 
  Fe 0.1156 1.2146 
 
Table (4.4) shows the results of the analysis on Calcium as element. It is clear 
that there is a significant reduction in the calcium content.  However, it can not 
be established in this works in which form the calcium is removed. Bearing in 
mind that the charcoal does not absorb calcium ion.  Hence further investigation 
is needed in this respect. 
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Figure (4.4): Influence Colour Removal on TDS 
 
4.4 Influence Colour Removal on Viscosity 
 
Gum Arabic is known to have high solubility in water. Gum Arabic solution 
with 50% concentration remains still Newtonian fluid. Clearly the removal of 
impurities has little change on the solution viscosity. This may be attributed to 
the nature of the impurities that cause the colour.  
 49
                  
 
Figure (4.5): Influence Colour Removal on Viscosity 
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5. Conclusion and Recommendations 
 
5.1 Conclusion 
 
1. The appearance of the treated Gum Arabic solution is clear and 
transparent and close to that of distilled water.  
2. Based on the results obtained, it can be concluded that activated 
charcoal is effective colour removal agent.  
3. The properties of Gum Arabic solution such as colour, pH, viscosity, 
electrical conductivity and TDS will change with removal of colour.  
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5.2 Recommendations 
 
1. Initial investigation is needed to establish the nature of the impurities that 
cause the colour. Thin layer chromatography my be useful in this respect.   
2. Full chemical and physical analysis of treated and untreated solution of 
Gum Arabic is need. These are needed to establish the influence of 
decolourization on other parameters. 
3. Microbiological analysis is needed to check for contamination. 
4. The treated sample is needed to dried again using spray drying to 
establish the losses due to decolourization. 
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Table (A.1): Particle Size Conversion  
Sieve Designation Nominal Sieve Opening 
Standard Mesh inches Mm Microns 
25.4 mm 1 in. 1.00 25.4 25400 
22.6 mm 7/8 in. 0.875 22.6 22600 
19.0 mm ¾ in. 0.750 19.0 19000 
16.0 mm 5/8 in. 0.625 16.0 16000 
13.5 mm 0.530 in. 0.530 13.5 13500 
12.7 mm ½ in. 0.500 12.7 12700 
11.2 mm 7/16 in. 0.438 11.2 11200 
9.51 mm 3/8 in. 0.375 9.51 9510 
8.00 mm 5/16 in. 0.312 8.00 8000 
6.73 mm 0.265 in. 0.265 6.73 6730 
6.35 mm ¼ in. 0.250 6.35 6350 
5.66 mm No.3 ½ 0.223 5.66 5660 
4.76 mm No. 4 0.187 4.76 4760 
4.00 mm No. 5 0.157 4.00 4000 
3.36 mm No. 6 0.132 3.36 3360 
2.83 mm No. 7 0.111 2.83 2830 
2.38 mm No. 8 0.0937 2.38 2380 
2.00 mm No. 10 0.0787 2.00 2000 
1.68 mm No. 12 0.0661 1.68 1680 
1.41 mm No. 14 0.0555 1.41 1410 
1.19 mm No. 16 0.0469 1.19 1190 
1.00 mm No. 18 0.0394 1.00 1000 
0.841 mm No. 20 0.0331 0.841 841 
0.707 mm No. 25 0.0278 0.707 707 
0.595 mm No. 30 0.0234 0.595 595 
0.500 mm No. 35 0.0197 0.500 500 
0.420 mm No. 40 0.0165 0.420 420 
0.354 mm No. 45 0.0139 0.354 354 
0.297 mm No. 50 0.0117 0.297 297 
0.250 mm No. 60 0.0098 0.250 250 
0.210 mm No. 70 0.0083 0.210 210 
0.177 mm No. 80 0.0070 0.177 177 
0.149 mm No. 100 0.0059 0.149 149 
0.125 mm No. 120 0.0049 0.125 125 
0.105 mm No. 140 0.0041 0.105 105 
0.088 mm No. 170 0.0035 0.088 88 
 
 
 56
Table (A.2): Physical Properties of Sweetfibre   
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Table (A.3): Viscosity measurement calculation procedure  
The viscosity is calculated as 
               µ =γ*G/τ 
Where 
              γ  =   M*n 
              τ  =A*S 
 
• MVI, MVII and MVIII: Number of spinier. 
• A, M and G: Constant. 
• n: velocity rate. 
• S: shear rate. 
• µ  : dynamic viscosity (mPa.s) 
Item MVI MVII MVIII 
A 3.22 3.76 5.44 
M 2.34 0.9 0.44 
G 1374 4171 12375
 
The factors MVI, MVII and MVIII depend on the type of fluid (or viscosity 
range). The factor MVI used for low viscosity, MVII for medium viscosity and 
MVIII for high viscosity. 
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        Table (A.4): Viscosity calculation Plate  
 
Sample(g/l) A M G S N √2 N√2 τ γ µ 
Tap water 3.22 2.34 1374 0.32 512 1.41 724 1.03 1694 0.84 
Distilled water 3.22 2.34 1374 0.4 512 1.41 724 1.29 1694 1.04 
Bottle water 3.22 2.34 1374 0.25 512 1.41 724 0.81 1694 0.65 
5.5 3.22 2.34 1374 0.5 512 1.41 724 1.61 1694 1.31 
5.5 3.22 2.34 1374 0.45 512 1.41 724 1.45 1694 1.18 
11 3.22 2.34 1374 0.63 512 1.41 724 2.03 1694 1.65 
11 3.22 2.34 1374 0.54 512 1.41 724 1.74 1694 1.41 
15.71 3.22 2.34 1374 1.6 512 1.41 724 5.15 1694 4.18 
15.71 3.22 2.34 1374 1.41 512 1.41 724 4.54 1694 3.68 
22 3.22 2.34 1374 1.74 512 1.41 724 5.60 1694 4.54 
22 3.22 2.34 1374 1.5 512 1.41 724 4.83 1694 3.92 
55 3.22 2.34 1374 1.82 512 1.41 724 5.86 1694 4.75 
55 3.22 2.34 1374 1.7 512 1.41 724 5.47 1694 4.44 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 59
Table (B.1): Results for Transmittance, pH, Electrical Conductivity, TDS 
and Viscosity 
Transmittance (%) 
Wavelength(nm) 
Sample 
ppm 
pH Viscosity 
mPa.s 
 
 Electrical 
 Conductivity 
µS/cm 
TDS 
ppm 
350 430 470 490 520 540 580  600  650  710  800  
Tap   
water 
7.79 0.84 249 119.1 3.4 6.5 15.2 24.1 37.5 47.8 65.4 73.9 90.9 108 116.5 
Distilled 
 Water 
7.2 1.04 11.9 5.1 4.1 7.5 25.3 39.9 58.7 74 97.3 106.3 127.1 146.2 147.8 
Bottle  
 Water 
8.10 0.65 302 144.8 4.7 8.5 28.6 44.1 66.6 83.8 109.7 122.3 146.2 167.9 170.5 
5.5 5.31 1.31 123.3 58.7 4.1 7.1 22.8 36.5 55.7 71.1 94.6 104.8 126.7 147.8 151.6 
5.5 6.65 1.18 62 29.1 4.5 7.4 24.6 39 60.1 76.1 101.4 112.6 137.8 160 162.7 
11 5.27 1.65 238 113.2 3.9 6.1 20 32.2 44.4 65.1 89.2 99.7 122.5 143.8 150 
11 6.45 1.41 76.3 35.8 4.4 7.2 24.2 38 59 74.9 100 110.4 133.1 154.3 159.9 
15.71 5.22 4.18 257 123.2 3.7 5.8 17.4 28.7 42 60 82.4 93 98 138 140 
15.71 6.34 3.68 139.2 66.3 3.9 6.8 22.2 36 53.9 68.4 91.5 103.5 125.7 147.6 150 
22 5.18 4.54 271 129.2 3.4 5.5 17 27.5 41 58.1 80.3 91.7 96.6 136.4 138.2 
22 6.20 3.92 178.9 85.1 3.7 6.3 21.1 35.3 52 66.7 91 100.4 122.8 144.9 148 
55 5.11 4.75 293 159.2 3.2 5.2 16.7 27 39.7 56.8 78.4 89.1 94.9 134.8 137 
55 6.13 4.44 198.7 94.5 3.6 6.0 19.9 34.6 50.9 65.4 90.2 99.3 120.7 142 146.1 
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Table (B.2): Results of Iron Analysis  
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Table (B.3): Results of Calcium Analysis  
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                  Table (B.4): Analysis of elements (Calcium and Iron) 
